Res~iration of rem mature infants has been described as irregular ' 2 in AS and more or less regular in QS (8, 17) . Respiratory frequency To assess the influence of sleep states, gestational age, and postnatal age on respiratory frequencies, we made polygraphic (RF) of prematures has been studied more recently. The age groups, the criteria of a normality and the method of sleep state recordings on forty-eight 31-41 wk gestational age newborns (S 10 days of legal age) and on 16 prematurely born (S 36 wk of definition differs from one author to another. The results obtained gestation) infants, after they reached the term of 37-40 wk con-were variable (see review Table 1 ).
The frequency of the respiration was higher in prematurely born infants reaching 37-48 or 39-40 wk conceptional age, compared to that of newborns of the same gestational age.
We did not find significant differences between genders in any age group studied.
At all ages there was a high correlation among respiratory frequencies found in AS, QS, and IS and also among those frequencies found in successive sleep cycles for given individuals: some normal infants breathed more rapidly and the others more slowly in all states studied. It appears that respiratory frequency is an individual characteristic, modulated by the sleep state, gestational age and postnatal age factors.
The review of the literature suggests, that divergences among authors can be due to some methodological differences and particularly to differences in scoring of sleep states. Abbreviations AS, active sleep CA, conceptional age GA, gestational age IS, undefined sleep QS, quiet sleep RF, respiratory frequency Respiratory rate is one of the characteristics of sleep states in normal full-term newborns and in infants during the first months of life: at this age, respiratory rate is irregular and faster in active sleep (AS), more regular and slower in quiet (QS) sleep (15, 18 , other references in 5).
MATERIALS AND METHODS
This study was carried out on 48 normal, 31-41 wk CA (Conceptional age is gestational age at birth plus postnatal age) infants, recorded during the neonatal period (up to 10 days of legal age) and in 16 prematurely born infants recorded when they reached the term of 37-40 wk conceptional age.
Normal premature infants were selected between 1976 and 1979 from the population of the Port-Royal Hospital and the Baudelocque Clinic (Paris) departments for normal premature infants.
Age and normality of the infants were determined according to the following criteria: first day of the last menstrual period; clinical and neurologic examination (21) ; physical measurement of weight, body length, and cephalic perimeter (12) and the EEG pattern (references in 9). The Apgar score at 5 min of life is 2 7 for premature, 3 9 for full-term infants. The infants did not have any respiratory pathology. Recordings were performed in the hospital EEG laboratory, during the morning, between two meals. All 37-41 wk term infants were normally dressed, lying in their own cots, at a room temperature of 25-26°C. Premature infants were in incubators at 30-36OC. Incubator temperature was at the level necessary to maintain normal body temperature. All infants were in the supine position. Polygraphic tracings included EEG, ECG, eye movements (recorded with piezoelectrical quartz accelerometer), thoracic, and abdominal respiratory movements and air flow recordings. The method of recording has been previously described (3).
Infant behaviour was monitored throughout the recording by two independent observers.
The sleep states were defined according to two criteria: (1) EEG patterns, characteristic for AS and QS for the given conceptional age (references and details in 9) and (2) rapid eye movements (REMs), which were present in AS but absent in QS. The beginning of one AS or QS state was defined by the simultaneous presence of the EEG and REMs criteria for at least I min (14) . All periods with a discrepancy between these two criteria were classified as undefined sleep (IS).
All infants had at least one sleep cycle, including a complete ( 3 5 min duration) AS and QS state. Thirty-eight of them had two ' Legends as in Table 2 .
' QS, quiet sleep; AS, active sleep; and NS, not significant.
or more complete sleep cycles. T h e tracings lasted from 65-160
Results were statistically tested by analysis of variance, t tests, min. Total tracing duration was analysed. a n d by computing the correlation coefficients.
RF were counted by 20-sec periods free of artefacts i.e., without any distortion of the respiratory tracing caused by body move-RESULTS ments.
All respiratory pauses of 3 3 sec duration were noted. T h e RF RF as a function of sleep states. Table 2 shows mean R F during was counted both for the whole tracing a n d when 20-set periods the first AS a n d QS a t different ages. There were minimal differcontaining pauses had been eliminated. ences between RF in total and in no-pauses tracings. These differences were not significant in any age group or state. All further statistical comparisons were identical when calculated using total or no-pause tracings. In all sleep states, there was a correlation between R F found during total tracing and that found during no-pause tracing ( P < 0.02 at 3 1-34 wk GA, P < 0.01 for the other age groups). The analysis of variance showed that from 35-36 wk CA, the R F was significantly higher in AS, compared to that of QS (Table   2 ). During IS, R F usually showed intermediate levels (AS > IS > QS) significantly different from R F in AS and in QS ( P < 0.05).
In 31-34 wk CA prematures, differences of R F between sleep states were not significant.
At all ages, the analysis of variance showed a wide range of variability between R F of individuals; however, RF found in different sleep states were highly correlated (P < 0.01): some infants breathed more rapidly and others more slowly in all sleep states (Fig. 1) .
RF DURING THE COURSE OF SLEEP
RF in successive sleep cycles. In premature, 3 1-36 wk GA newborns, we observed an acceleration (5-6 breaths/min) of R F during the second AS and QS compared to AS and QS of the first sleep cycle ( P < 0.001). In 37-38 wk GA newborns an acceleration (of about 2 breaths/min) was observed only during the second QS, compared to the first one (P < 0.05). We did not find significant differences between R F of successive sleep cycles in 39-41 wk GA newborns nor in prematurely borns reaching 37-40 wk CA term.
The values of R F found in the first and in the second sleep cycle showed a highly significant position correlation (for both sleep states: P < 0.05 at 37-38 wk GA, P < 0.01 at the other ages).
The infants who breathed more rapidly during the first sleep cycle breathed more rapidly during the second sleep cycle and vice versa.
RF during the course of a given AS and QS state. We did not find significant differences between the first, the middle and the last min of different sleep states, except for the previously described (5) slowing of R F during the course of QS in 39-4Iwk CA newborns ( P < 0.001).
RF AS A FUNCTION OF AGE
Three-way analysis of variance showed that in addition to the sleep state differences there were some age-related R F differences.
(1) RF in newborns, ~1 0 days of legal age, Table 2 (A). There were no significant differences between R F of 31-38 wk GA groups. R F became significantly faster in 39-41wk GA ful-term newborns, compared to all 31-38 wk GA newborn groups ( P < 0.001 for all sleep state comparisons). (2) RF ofprematurely born infants, reaching 37-40 wk CA, Table 2 (B). RF of the prematurely born infants reaching 37-38 wk CA was significantly faster compared to that of newborns of the same GA ( P < 0.001 for AS, P < 0.01 for QS).
It was similar to R F of 39-41wk GA newborns. During quiet sleep, R F of prematurely born infants reaching 39-41 wk CA was faster compared to that of 39-41 wk GA newborns. The difference was not significant for AS. Differences between R F of prematurely born infants reaching 37-38 wk CA and those reaching 39-41 wk CA were not significant.
RF AND GENDER
We did not find any significant differences between R F in male and female infants.
DISCUSSION
The present study shows that R F is one of the criteria of differentiation between AS and QS in very young infants. From 35 wk CA onward, as for older infants (ref. in 5), R F is significantly higher in AS as compared to QS. In IS, R F is at an intermediate level, significantly different from that of AS and of QS. Our results are not in accordance with those of some other authors (7, 11, 13, 23) . We assume that this disagreement may be due to some differences in the choice of the periods studied, the methods of sleep state scoring, and the selection of subjects (Table 1) .
CHOICE OF PERIODS
Brief respiratory pauses and periodic breathing are normal phenomena in premature infants (8, 17 , other references in 22). Rigatto et al. (20) noted that R F is slower in periods that include respiratory pauses; however, our study showed that differences between R F in total-duration tracings and in no-pause tracings were minimal in normal infants. Differences between states and between ages were statistically identical when the comparisons were performed using total and no-pause tracings; therefore, for normal infants, rejecting or including respiratory pauses is probably not the cause of the differences between various R F studies.
RF varies during the course of sleep. This study showed that in prematures R F was faster during the second sleep cycle than the first one. This acceleration may modify results if short periods are used for R F studies. In spite of this acceleration, the difference between states of successive sleep cycles persists.
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PREMATURELY' B O R N~~-~O W . C A . (9) and Dreyfus-Brisac and Monod (10) point out the differences among sleep states characteristics in adults, described by Rechtschaffen and Kales (19) and among those of young infants. Criteria of sleep states described in the Anders et al. manual (1) and especially the "trace alternant," concern only normal full-term newborns.
Dreyfus-Brisac (8, 9) showed that at 31-32 wk CA, AS periods with continuous (delta or delta plus theta) EEG and the presence of rapid eye movements can be distinguished from the periods with discontinuous EEG and rare or absent eye movements. Discontinuous EEG and absence of REM characterize QS from about 35 wk CA. Body motility is not completely inhibited and tonic EMG is not constant in QS of premature infants.
The comparative study of Pajot et al. (16) showed that in very young infants, rapid eye movements are not always detected by visual observation or by electrooculographic recording. These authors have found that recording with piezoelectrical quartz accelerometer is a more trustworthy method for detection of rapid eye movement in premature infants. Experience in our laboratory confirms that if the eye movements are not recorded by an accelerometer, some REMs and consequently some periods of AS can be omitted and classified as nonREM QS periods. The transitional or undefined sleep state cannot be distinguished by visual observation of the infants' behaviour (6) and therefore will be scored with one of the well defined AS or QS states.
Using EEG and REMs criteria for sleep state scoring, we found significant between-state differences of R F (AS > IS > QS) from 35 wk CA i.e., at the age when QS becomes well defined as shown by Dreyfus-Brisac (8, 9) . Because methods of sleep state scoring and of polygraphic recording are different, it is possible that the results presented by various authors (Table 1) do not relate to identical sleep state periods.
RF AND AGE
Conceptional age and RF. Our study showed that in both sleep states, R F was similar in all groups of newborns from 31-38 wk CA. R F only became significantly higher 39-41wk CA.
According to international conventions, 37-38 wk CA infants are classified as full-term newborns; however, according to R F criteria, 37-38 CA newborns are similar to premature newborns, and not to 39-41 wk CA full-term newborns. Differences in the age groupings used by various authors (Table 1) may perhaps modify or reduce the between-state differences.
Postnatal age and RF. In prematurely born infants reaching 37-38 or 39-40 wk CA, R F was higher compared to R F of newborns of the same term. R F of prematurely born infants reaching 37-38 wk CA was similar to R F of 39-41 wk CA newborns. R F of prematurely born infants reaching 39-41 wk CA was similar to R F of 2-5 wk full-term born infants (5).
Can we assume that prematurely born infants reaching the normal term are more "mature" than the newborns of the same CA? This conclusion is questionable. It has not been confirmed by studies of other respiratory parameters. Contrary to R F findings, respiratory pause frequency in prematurely born infants reaching normal term is similar to that of prematures and higher of that of respiratory pauses in 39-41 wk CA newborns (4). On the other hand, our study on the % of time with out of phase thoracic and abdominal respiratory movements demonstrated identical results in all age groups from 31-41wk CA (3) .
Differences between degree of maturation of different sleep criteria according to postnatal age were previously reported. Dreyfus-Brisac observed that "the respiratory rate during regular respiration becomes more rapid when the premature attained a conceptional age of 38-41wk, whereas the premature at 40 wk of CA had not attained a level of organization (of sleep states) as high as that of the full-term newborns." Recently, Booth et a/. (2) observed that at 41wk CA, the preterm infant seems more mature than the full-term infant in some of its QS characteristics and appears more immature with respect to some of its AS characteristics.
RF AS AN INDIVIDUAL CHARACTERISTIC
RF, modulated by sleep state and age factors as discussed above, seems to be an individual characteristic with high significant correlations between the values found in different situations for given individuals. Normal premature infants who breathe more rapidly (or slowly) in one sleep state breathe more rapidly (or slowly) in all the other sleep states. This particularity of RF has been described previously in normal full-term newborns and in babies during the first months of life (5).
In conclusion, it appears that RF during sleep in premature infants is an individual characteristic modulated by sleep state, gestational, and postnatal age factors.
